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Habitat and Reproduction of Dirca mexicana (Thymelaeaceae)
Abstract
Little is known about the single reported population of Dirca mexicana. I monitored air temperature from
mid-2005 through mid-2007, analyzed pH of soil, used the global positioning system (GPS) to define
geographical boundaries of the population, explored for additional populations, and studied aspects of sexual
and asexual reproduction in situ and among seedlings in greenhouses. Temperature ranged from −2 to 35.5°C,
and weekly means were 7.4 to 18.1°C. Soil pH was 6.3. No other populations were found at sites nearby with
similar slopes and aspects, but a second distinct cluster of plants was found 221 m from the portion of the
known population described previously. Numerous individuals of Catasticta nimbice nimbice, a butterfly in the
family Pieridae, visited flowers in mid-March, 2007. Drupes were observed in May four of five years, and
drupe count per plant was 3 to 131 among individuals with basal trunk diameters of 10 to 46 mm in 2007.
Genetic analysis of 45 individuals revealed no putative clones. Drupes of D. mexicana were longer and wider
than those of the other two species in the genus, while size of seeds was intermediate. Seedlings isolated from
pollinators in a greenhouse flowered for the first time and formed viable seeds during their fourth spring of
development, demonstrating the capacity of D. mexicana to self-pollinate or to form seeds via apomixis. These
observations improve our understanding of the habitat and reproductive biology of this endemic species.
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HABITAT AND REPRODUCTION OF DIRCA
MEXICANA (THYMELAEACEAE)
WILLIAM R. GRAVES
Department of Horticulture, Iowa State University, Ames, IA 50011-1100
e-mail: graves@iastate.edu
ABSTRACT. Little is known about the single reported population of Dirca
mexicana. I monitored air temperature from mid-2005 through mid-2007,
analyzed pH of soil, used the global positioning system (GPS) to define
geographical boundaries of the population, explored for additional popula-
tions, and studied aspects of sexual and asexual reproduction in situ and among
seedlings in greenhouses. Temperature ranged from 22 to 35.5uC, and weekly
means were 7.4 to 18.1uC. Soil pH was 6.3. No other populations were found at
sites nearby with similar slopes and aspects, but a second distinct cluster of
plants was found 221 m from the portion of the known population described
previously. Numerous individuals of Catasticta nimbice nimbice, a butterfly in
the family Pieridae, visited flowers in mid-March, 2007. Drupes were observed
in May four of five years, and drupe count per plant was 3 to 131 among
individuals with basal trunk diameters of 10 to 46 mm in 2007. Genetic analysis
of 45 individuals revealed no putative clones. Drupes of D. mexicana were
longer and wider than those of the other two species in the genus, while size of
seeds was intermediate. Seedlings isolated from pollinators in a greenhouse
flowered for the first time and formed viable seeds during their fourth spring of
development, demonstrating the capacity of D. mexicana to self-pollinate or to
form seeds via apomixis. These observations improve our understanding of the
habitat and reproductive biology of this endemic species.
Key Words: Thymelaeaceae, reproductive biology, endemic plants, leather-
wood
Dirca mexicana Nesom & Mayfield is separated geographically
from D. palustris L. by more than 1100 km and from D. occidentalis
A.Gray by more than 2500 km (Nesom and Mayfield 1995).
Described as occurring in one population of up to 1000 plants in the
Sierra Madre Oriental of the Mexican state of Tamaulipas, D.
mexicana first was observed by the authors of its name in
September, 1994, when plants were sterile, and again in March,
1995, when plants were at anthesis and immature fruits were
evident. The site of the population is known locally as Arroyo
Obscuro, a north-facing, karstic cove reported by Nesom and
Mayfield to be at 23u599090N, 99u289370W, at an elevation near
1800 m. Slopes west of the central rocky watercourse are very steep
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and nearly devoid of D. mexicana. Slopes east of the watercourse
are gentler and support D. mexicana at elevations at least 80 m
above and 20 m below a road described by Nesom and Mayfield,
which dissects the cove transversely. Nesom and Mayfield provided
no other land measurements, however, and raised the possibility
that D. mexicana occurs over a broader area than they examined.
The site was described as floristically unique and the only location
for D. mexicana along the 35 km road, used mainly by loggers,
from the community of Santa Engracia in Tamaulipas to Dulces
Nombres in the neighboring state of Nuevo Leon. One objective of
my research was to build on these previous observations by
providing measures of the land surface on which D. mexicana
occurs at Arroyo Obscuro and by exploring sites off the road
followed by Nesom and Mayfield and other sites nearby for
additional populations of D. mexicana. I also monitored air
temperature at Arroyo Obscuro and tested pH of the soil that
supports D. mexicana to provide initial indices of the environment
in which the species occurs.
Floral and vegetative characters differ among the three species of
Dirca L. Nesom and Mayfield (1995) considered D. mexicana more
similar to D. occidentalis than to D. palustris but noted that their
conclusion was inconsistent with the occurrence of closely allied
taxa in the eastern United States, where D. palustris occurs, and in
the sierra of northeastern Mexico. Subsequent analysis of ITS
sequences and ISSR polymorphisms showed that D. mexicana is
more similar to D. palustris than to D. occidentalis (Schrader and
Graves 2004). Nonetheless, D. mexicana and D. occidentalis share
two of the most overt diagnostic traits used to distinguish species in
the genus: flowers and fruits that are nearly sessile and bud scales
with whitish pubescence. In contrast, flowers and fruits of D.
palustris typically are on pedicels, and bud scales usually have
reddish-brown pubescence. Schrader and Graves (2005) diagramed
generalized morphology of drupes of the genus. Vogelmann (1953)
summarized conflicting reports regarding the color of drupes of D.
palustris and cited several reports of red fruits on D. occidentalis. I
have examined developing and ripe fruits of all three species for
several years, including observations of D. palustris in disparate
portions of its broad distribution and D. occidentalis in each of the
six counties in California where it occurs. Fruits are green through
most of their development but usually become more pale or
yellowish-green a few days before they abscise. In some populations
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in at least some years, drupes are light golden-yellow at the time
they abscise. My observations lend credence to conjecture by
Vogelmann that drying may alter fruit color; at least some reports
of colors other than green were based on observations of dried
drupes on herbarium sheets. Because no other information on
mature fruits of D. mexicana is available, an additional objective of
my work was to measure length and width of fruits and seeds and to
obtain comparative data from D. occidentalis and D. palustris.
My third objective was to provide information on reproductive
biology of Dirca mexicana. I identified a probable pollinator; used
genetic analysis to test for the frequency of asexual regeneration,
which has been confirmed in this genus (Graves 2004, 2005);
quantified fruit set on plants of various sizes in situ; and
documented the age at which seedlings grown in a greenhouse
become sexually reproductive.
MATERIALS AND METHODS
Visits to Arroyo Obscuro. I first observed Dirca mexicana at
Arroyo Obscuro on 7 April 2002. Subsequent visits were on 19 May
2002; 18 May 2003; 12 May 2005; 16–17 May 2006; 12, 14, 15
March 2007; and 9–10 May 2007. Measures of the land surface
supporting D. mexicana were derived, by use of the Pythagorean
theorem, from latitudes and longitudes recorded at different
elevations by using a GPS device on 15 March 2007 and 9–10
May 2007.
Environmental assessments. I attached one iButton Data Logger
(Maxim Integrated Products, Sunnyvale, CA) to each of three
widely spaced plants of Dirca mexicana, one north and two south of
the road that transects Arroyo Obscuro, on 12 May 2005. Those
were removed and three other iButtons installed on 16 May 2006.
The iButtons were placed about one meter from ground level and
were programmed to log air temperature every four hours. Because
memory was insufficient to store data for an entire year at that
logging frequency, and because my primary goal was to document
minima and maxima in winter and summer, the iButtons were
programmed such that no data were obtained in late April through
May. Data sets were examined for the single highest and lowest
temperatures logged. Mean maxima for each week were determined
by averaging the single weekly maximum value from each sensor
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over both years (N 5 6). An analogous procedure was used to
determine weekly minima. Lastly, overall weekly means were
determined from all sensors over both years (N 5 36).
Several samples of soil from the surface to 15 cm deep were taken
from the root zones of widely spaced Dirca mexicana on 17 May
2006. The multiple samples were blended and imported with
government permission to the Soil & Plant Analysis Laboratory at
Iowa State University, where pH was determined. Concentrations
of several nutrient elements essential for plants also were measured
but are not reported here.
Exploration for additional populations. Topographical maps
scaled 1:50000 were examined for sites around the known
population where waterways were neighbored by slopes with grades
and aspects similar to those illustrated for Arroyo Obscuro. Nesom
and Mayfield (1995) reported that no other Dirca mexicana were
observed along the road that transects Arroyo Obscuro. Therefore,
I hiked off that road beginning from two locations along it where
slopes with appropriate grades and aspects were identified. The first
location along the road where I began to hike was 23u58.6959N,
99u30.6379W, at an elevation of 1706 m. I explored north of the
road until reaching 23u58.9139N, 99u30.7349W, where the elevation
was 1576 m. The linear distance from the starting and ending points
was 449 m, and a broad area within the hiked valley was examined.
The second location along the road where I began a hike was
23u58.4689N, 99u29.9619W, at an elevation of 1811 m. I explored
mainly north of the road until reaching 23u58.5199N, 99u29.8949W,
at an elevation of 1747 m. The linear distance from the starting and
ending points was 163 m. A broad area within the hiked valley was
examined, and additional observations were made upslope on the
south side of the road from this starting point.
I also searched for Dirca mexicana along other logging roads in
the vicinity. First, I left the road that transects Arroyo Obscuro at
23u58.5609N, 99u29.3069W (elevation 1851 m) to follow another
road south about 4.8 km to 23u56.6459N, 99u28.8999W (elevation
2286 m) at the settlement of Rancho Nuevo. Second, an abandoned
road that intersected the road that transects Arroyo Obscuro at
23u59.9729N, 99u28.1219W (elevation 1642 m) was hiked. It
meandered principally southeast until it ended by intersecting a
road passable by truck at 23u59.9089N, 99u27.6709W (elevation
1603 m). I hiked southwest along that road to examine vegetation
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until reaching 23u59.3089N, 99u27.9249W (elevation 1618 m).
Lastly, I examined vegetation visible along the entire length of a
logging road that local residents reported was completed between
my visits in 2006 and 2007. That road begins in the settlement of La
Aurora near Santa Engracia and extends west into the mountains
until it ends at the road that intersects Arroyo Obscuro at
24u00.4159N, 99u27.9619W (elevation 1428 m).
Sexual reproduction. I assessed numerous plants of Dirca
mexicana for the presence and developmental state of fruits during
each of my visits to Arroyo Obscuro from 2002 through 2007 and
collected samples when mature drupes were present. Fruits were
imported to Iowa State University by following protocols
established by the governments of Mexico and the United States.
Seeds from those fruits were germinated to establish a collection of
plants.
Several individuals of the same species of butterfly were
photographed as they visited flowers of Dirca mexicana on 14
March 2007. Pierre Martineau at Stanford University used
photographs I provided to identify the butterfly based on
descriptions and images in Llorente-Bousquets et al. (1997).
One or two leaves were removed during my visit to Arroyo
Obscuro in 2006 from each of 30 plants of Dirca mexicana in a
group in which no two plants were separated by more than 13.7 m.
Another set of leaf samples was obtained from a separate group of
15 plants that were within 5.1 m of one another. Distances between
each possible pair of plants within groups were recorded. The leaves
were dried on silica-gel desiccant, and DNA was extracted from
them. Inter-simple sequence repeats polymorphisms were analyzed
as described previously for Dirca spp. (Schrader and Graves 2004).
The goal was to determine whether any individuals were putative
clones based on indistinguishable polymorphisms that resulted
from three primers, (CAC)3RC, (GTG)3GC, and (CA)6RG. Gel
images resulting from electrophoresis were analyzed with ABI
PRISMTM GeneScanH software (Applied Biosystems, Foster, CA),
which resolves DNA fragment-length differences as subtle as one
base pair. Also, the Mantel test (Mantel 1967; Smouse et al. 1986)
was used to determine whether the matrix of genetic distances was
correlated with the matrix of physical distances among the plants
within the two groups. The Mantel test was performed after
partitioning data into classes based on the physical distances among
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all plants within groups. Fourteen classes were used for the first
group, plants within one m of one another, within two m, and so
on, up to within 14 m. Six analogous distance classes were used for
the second group of plants.
On 9 May 2007, I inspected numerous Dirca mexicana and
selected seven plants of disparate sizes on which fruit ripening was
less advanced than average such that it appeared that no ripened
drupes had yet abscised. For each of those seven plants, I counted
drupes, measured the diameter of the trunk at the soil surface, and
measured plant height as the length of stem from the apex of the
most distal shoot tip to the base of the trunk at the soil surface.
Recognizing that seasonal elongation of stems of D. mexicana had
ceased for the year, I measured mean stem extension for 2007 based
on observations of five stems chosen randomly on each plant.
Lastly, the length and width of 50 drupes collected at random
from various Dirca mexicana were determined. Exocarp tissue of
those drupes then was removed so that length and width of seeds
could be measured. For comparative purposes, the same measures
of D. occidentalis and D. palustris were made by using 50 drupes of
each. Drupes of D. occidentalis were obtained on 7–8 June 2007 in
Contra Costa and San Mateo Counties in California, two of six
counties near the San Francisco Bay to which the species is
endemic. I sampled drupes from a county east (Contra Costa) and
west (San Mateo) of the bay to represent geographically separated
natural populations. Drupes of D. palustris were obtained on 20
May 2007 in Boone County, Iowa. Data from drupes from this
single location may not be representative of this broadly distributed
species. Means and standard errors of all data on fruit and seed size
were determined.
RESULTS
Visits to Arroyo Obscuro. Dirca mexicana plants were found in
a cluster estimated to be as wide as 203 m in the east-west
dimension along the north-facing slope immediately east of the
watercourse in Arroyo Obscuro. Some plants in this cluster were
directly along the south side of the road at 1813 m elevation. From
there they extended upslope to the south to 1878 m elevation.
Exploration further upslope revealed an area devoid of D. mexicana
that ended at 1901 m elevation, where the lowest plant in a second
cluster of plants was found. I estimated that 221 m separated the
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highest plant in the lower cluster and the lowest plant in the higher
cluster. A landmark associated with the higher cluster was a
seemingly abandoned logging road roughly parallel to the lower,
maintained road that transects Arroyo Obscuro. Numerous D.
mexicana were present on both sides of this remnant road and were
particularly common in the vicinity where the road was directly
adjacent to the rocky watercourse of Arroyo Obscuro.
Dirca mexicana also were found north of the lower, maintained
road that transects Arroyo Obscuro. These principally were within
the central watercourse and on the adjacent slope to the east. I
calculated that the lowest plant I found in this vicinity was 78 m
from the maintained road at an elevation 70 m below that road. I
estimated that 749 m separated the lowest plant found at the
northern extreme of the population (elevation 5 1743 m) below the
road to the highest plant found in an upper cluster above both the
maintained and abandoned roads to the south (elevation 5
2035 m).
Environmental assessments. Mean weekly temperature at the
site of Dirca mexicana was 7.4–18.1uC (Figure 1), but daily
measures were as low as 22uC and as high as 35.5uC. The pH of
the soil was 6.3.
Exploration for additional populations. No Dirca mexicana were
observed at the other locations explored.
Sexual reproduction. Immature fruits were observed on most
Dirca mexicana on 7 April 2007. Plants had mature fruits during all
other visits except in 2006. During all visits when mature fruits were
seen, a minority had already abscised from plants. Clusters of three,
pairs, and singly attached fruits were common; occasionally I
observed up to five fruits borne together (Figure 2 inset). Although
fruits contained seeds that were moderate in size compared to the
seeds of other Dirca species (Table 1), the fruits of D. mexicana
were longer and wider than those of D. occidentalis and D. palustris
(Table 1). Drupe count per plant ranged from 3 to 131 among seven
individuals that showed mean stem extension for 2007 of 17 to
79 mm and had basal trunk diameters of 10 to 46 mm on 9 May
2007 (Figure 2).
Numerous individuals of Catasticta nimbice nimbice Boisduval, a
butterfly in the family Pieridae, were documented on flowers of
Dirca mexicana on 14 March 2007 (Figure 3). I did not notice any
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other species blooming at Arroyo Obscuro that day, and the
butterflies appeared highly focused on selectively visiting flowers at
peak anthesis.
Analysis of ISSR polymorphisms in DNA revealed pair-wise
differences among all 45 plants that were sampled. For both the
group of 30 and the group of 15 plants, the Mantel test showed a
correlation between genetic and physical distances, but only among
plants spaced within one meter of one another.
A low percentage of seeds collected from Dirca mexicana at
Arroyo Obscuro on 19 May 2002 germinated in a greenhouse
during the summer of 2002, but most seeds germinated in early
2003, after cold stratification. Flowering occurred on one of the
resulting plants in the same greenhouse during March of 2007.
Inspection of bud scale scars on that plant confirmed that it had
originated from a seed that germinated in 2003. Mature drupes
abscised from that plant about two months after flowering, and
incipient germination of seeds from those drupes was observed in
July of 2007.
Figure 1. Overall mean weekly temperature (&), and the mean maximum
(N) and minimum (#) weekly temperatures from early June through early May
in both 2005–2006 and 2006–2007. Values are means of data collected every 4 h
by using data loggers attached to plants of Dirca mexicana at three locations at
Arroyo Obscuro, Tamaulipas, Mexico. The range of individual measures over
both years also is shown.
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Figure 2. Relationship of trunk diameter, plant height, fruit count, and
mean stem extension for the 2007 growth season for seven plants of Dirca
mexicana at Arroyo Obscuro, Tamaulipas, Mexico. Fruit count and stem
extension for each plant are shown adjacent to the symbol that relates trunk
diameter and plant height. Stem extension was measured in millimeters on 9
May 2007, after elongation of stems for the year had ceased; values are means
of the length of stem formed in 2007 at terminal positions of five shoots per
plant 6 the standard error of the mean. The inset is a photograph of a cluster of
five drupes of D. mexicana.
Table 1. Length and width of fruits and seeds of the three species of Dirca
were measured within three (fruits) and five (seeds) days after fruits were
collected from plants. Means (N 5 50) 6 standard errors are shown. All fruits
were collected when ripe and abscising naturally from plants. Fruits of D.
mexicana were collected in Tamaulipas, Mexico, on 9 and 10 May 2007. Fruits
of D. occidentalis were collected in Contra Costa County and San Mateo
County, California, on 7 and 8 June 2007. Fruits of D. palustris were collected
in Boone County, Iowa, on 20 May 2007.
Species of
Dirca
Fruit Dimension (mm) Seed Dimension (mm)
Length Width Length Width
mexicana 9.39 6 0.14 5.73 6 0.05 6.94 6 0.11 4.71 6 0.05
occidentalis 8.19 6 0.12 5.47 6 0.06 7.23 6 0.09 4.87 6 0.05
palustris 7.62 6 0.10 5.17 6 0.06 5.01 6 0.08 3.75 6 0.07
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DISCUSSION
Although vast areas of the Sierra Madre Oriental remain
unexamined for the presence of Dirca mexicana, the absence of
the species at the sites I selected for exploration underscores the
rarity of D. mexicana and the need to characterize the population at
Arroyo Obscuro. While my estimate of the east-west dimension of
the population near the road Nesom and Mayfield (1995) traveled,
203 m, is reasonably consistent with their report that plants ‘‘occur
for about 300 meters along the road and adjacent slopes on the east
side of the watercourse,’’ my measures resolve uncertainty about
the north-south dimension of the land supporting D. mexicana.
Nesom and Mayfield stated that D. mexicana occurred to an
elevation at least 20 m to the south above the road and 80 m to the
north below it, and they acknowledged that plants might occur over
a larger area than they investigated. The difference in elevation I
estimated between plants at the northern and southern extremes of
the population, 292 m, was nearly three times the 100 m minimum
range in elevation cited by Nesom and Mayfield. The upper cluster
of plants on the south side of the maintained road, which
apparently was not encountered by Nesom and Mayfield, accounts
for this disparity, because our estimates of the portion of land on
which D. mexicana is found north of the maintained road are
similar. No additional D. mexicana were visible down slope from
the position of the lowest plant I found at 1743 m. Exploration
further north into that area would be challenging because of
extremely rough terrain but could result in the discovery of
additional D. mexicana at lower elevations of Arroyo Obscuro.
Likewise, it is possible that additional clusters of D. mexicana might
be found beyond the southern extreme I have defined. I have not
explored past the southernmost plant visible in the upper cluster of
plants I found above both the maintained and abandoned roads.
Logging, which is common in the area and already has caused
damage to some individuals of D. mexicana, may reduce the land
area on which the species occurs at Arroyo Obscuro over time.
Temperatures and soils are primary determinants of the
distribution of plants. While I did not obtain a full 12-month
profile, the temperatures I recorded include what would have been
the coldest conditions between mid-2005 and mid-2007. The lowest
observed temperature among the three sensors over the two years
was 22uC (Figure 1). This is consistent with the plant hardiness
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zone map of the United States Department of Agriculture (1990),
which places Arroyo Obscuro in zone 9b, where mean annual
minimum temperature is 21.2 to 23.8uC, but very close to the
border of zone 10a, where minima are 1.6 to 21.1uC. Persons living
near Arroyo Obscuro reported to me that the winter of 2005–2006
was typical and the winter of 2006–2007 was colder than average. If
accurate, this perception suggests that the minima I recorded
(Figure 1) reflect the lowest temperatures expected in most winters.
Those minima are similar to temperature minima where Dirca
occidentalis occurs in California but are less harsh than the minima
at the southern extreme of the distribution of D. palustris in
northern Florida (Graves et al. 2006). Although D. mexicana may
be restricted to a site where minima typically are not much colder
than 0uC, seedlings of the species have survived without injury for
several years outdoors in Ames, Iowa, where minima frequently are
less than 225uC. The same is true of D. occidentalis (Graves et al.
2006) and D. palustris grown from seed collected in northern
Florida, suggesting that the entire genus may possess a greater
capacity to accrue cold hardiness than might be predicted based on
present natural distributions. The moderate pH of soils that
support D. mexicana is consistent with the description of Arroyo
Obscuro as having karstic tendencies (Nesom and Mayfield 1995).
A more extensive analysis of the soils within and beyond the
portion of Arroyo Obscuro where D. mexicana occurs could test the
possibility that the presence of the species is strongly associated
with soils that are only mildly acidic or near neutral pH. The
association of D. mexicana with limestone may follow the pattern of
D. palustris. In portions of its distribution where acidic soils
predominate, D. palustris tends to occur at isolated sites where pH
of soil is relatively high due to limestone; at the eastern extreme of
its distribution in Nova Scotia, D. palustris is associated with
deposits of gypsum (Roland and Smith 1969).
Observations I made regarding the reproduction of Dirca
mexicana build on the initial report of flowering, pollinators, and
immature fruits by Nesom and Mayfield (1995). Anthesis was
several days later in March 2007 compared to the timing observed
earlier by Nesom and Mayfield, but, in both cases, flowering among
individuals in the population was highly synchronous. With this
report, Catasticta nimbice nimbice becomes the first probable
pollinator of D. mexicana to be identified (Figure 3). Other species
of butterflies yet to be confirmed, and at least one species of bee,
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also appear to pollinate D. mexicana (Nesom and Mayfield 1995).
The relative importance of these potential pollinators should be
examined. Also worthy of additional study is the role of self-
pollination in the reproductive biology of D. mexicana. Nesom and
Mayfield first reported that self-compatibility in D. mexicana is
plausible, and there is evidence that the reproductive success of
both D. palustris (Williams 2004) and D. occidentalis (Graves 2005)
may be ensured by self-compatibility. All three Dirca species bloom
when low temperatures may inhibit the activity of pollinators.
Five years of observations during May establish that the Dirca
mexicana plants at Arroyo Obscuro form fruits in most years and
shed them on a predictable schedule. Sizes of fruits and seeds of D.
mexicana in relation to those of other Dirca species (Table 1) have
not been reported previously. These traits should be examined
further by testing the possibility that fruit size varies over years and
among different populations, particularly for the widely distributed
D. palustris. The reason for the absence of fruits in 2006 is
uncertain. Orbicular scars remain on stems where flowers and fruits
of Dirca spp. have abscised. I saw no scars at positions that would
confirm flowering in 2006, nor was there any other evidence of
blooming that year. In all other years, it was rare to find an
individual without drupes. Even plants of short stature often were
reproductive (Figure 2). Because D. mexicana can regenerate
asexually (Graves 2004), I had speculated until 2007 that the small
and seemingly young plants I observed with fruits were sexually
reproductive because they were physiologically mature, asexually
derived extensions of larger individuals nearby. However, in 2007,
the incipient flowering, fruit set, and germination of seeds that
occurred among plants grown from seeds that had germinated in
2003, demonstrated that four-year-old plants approximately 40 cm
tall are capable of regeneration from seeds. The probable isolation
from pollinators of those plants in the greenhouse also indicates
their capacity to self-pollinate or to form seeds via apomixis. Pair-
wise differences found in ISSR polymorphisms in DNA from all 45
D. mexicana individuals I sampled represent evidence that asexual
regeneration of this species is uncommon. The occurrence of a
correlation between genetic and physical distances only among
plants spaced within one meter of one another may reflect the
likelihood for neighboring plants to originate from seeds formed in
the same small area. Dispersal agents for fruits of Dirca spp. are not
known, and my observations indicate that fruits typically fall to the
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ground and become incorporated in the surface organic matter near
the canopy on which they were formed.
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